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ABSTRACT 

PURPOSE: To obtain a method for manufacturing a high quality film in a low- 
temperature process with excellent throughput, with neither peeling nor 
surface irregularity and with satisfactory reproducibility and uniformity 
by applying a continuous-wave laser beam to an amorphous semiconductor thin 
film accumulated on a substrate and thereafter by applying a pulsed laser 
beam to the thin film. 

CONSTITUTION: A continuous-wave laser beam LA is applied to an amorphous 
semiconductor thin film 11 accumulated on a substrate 10 and thereafter a 
pulsed laser beam LX is applied to the thin film. For example, an amorphous 
silicon hydride (a-Si:H) film 11 is accumulated on a glass substrate 10 at 
an accumulation temperature of 300 deg.C by plasma CVD method. Then, when a 
continuous-wave Ar + laser LA of output 5.0W, beam diameter lmm.phi. and 
scanning speed l.Omm/sec is applied, the a-Si:H film 11 is heated and the 
upper layer part of the thin film is reformed into a microcrystalline 
silicon (.mu.c-Si) film 12. After that, when 240mJ/cm(sup 2) of XeCl 
excimer laser LX (wave-length 308nm, pulse width 28ns) is applied, the 
whose .mu.c-Si film 12 is fused and reformed into a polycrystalline silicon 
film 13. 
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[Claiml] 

A method for manufacturing a thin film semiconductor characterized in that an amorphous 
semiconductor thin film deposited on a substrate is irradiated with a continuous-wave laser beam 
and then is irradiated with a pulsed laser beam. 
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[Claim2] 

A method for manufacturing a thin film semiconductor according to claim 1, characterized 
in that a amorphous semiconductor thin film is an a-Si film, an a-Si:H (an amorphous silicon 
hydride) film, or an a-Si:F (an amorphous silicon fluorosis) film. 
[Claim3] 

A method for manufacturing a thin film semiconductor according to claim 1, characterized 
in that a continuous-wave laser beam is an Ar+ ion laser, a C0 2 laser, or a Nd-YAG laser and a 
pulsed laser beam is an excimer laser, a ruby laser, a Nd-YAG laser, or a metal vapor laser. 
[Claim4] 

A method for manufacturing a thin film semiconductor according to claim 1, characterized 
in that an amorphous semiconductor thin film is changed into a crystalline semiconductor thin film 
in its quality by solid phase grown because of an irradiation with a continuous-wave laser beam and 
by liquid phase growth because of an irradiation with a pulsed laser. 
[Claim5] 

A method for manufacturing a thin film semiconductor according to claim 1, characterized 
in that an amorphous semiconductor thin film is locally irradiated with a laser. 
[Claim6] 

A device for manufacturing a thin film semiconductor comprising a stage, a CW laser, a 
pulsed laser, a condenser lens, a lens for homogenizing laser beams, and a scanning mechanism, 
wherein a beam width of a CW laser is larger than a beam width of a pulsed laser. 
[Claim7] 

A method for manufacturing a thin film semiconductor characterized in that an amorphous 
semiconductor layer formed as an active layer of a thin film transistor is irradiated with a 
continuous-wave laser beam and then irradiated with a pulsed laser beam. 
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[Claim8] 

A method for manufacturing a thin film semiconductor characterized in that only a 
peripheral circuitry is locally irradiated with a continuous-wave laser beam and then is irradiated 
with a pulsed laser beam, in an active matrix liquid crystal display using a thin film transistor. 
[Claim9] 

A method for manufacturing a thin film semiconductor characterized in that a driving 
circuit portion of a line sensor is locally irradiated with a continuous-wave laser beam and then is 
irradiated with a pulsed laser beam. 
[Detailed Description of the Invention] 
[Technical Field to which the Invention pertains] 

The present invention relates to a method for a semiconductor device, the device thereof 
and a semiconductor device using that. More particularly, the present invention relates to a 
method for manufacturing a high-quality crystalline thin-film with good reproducibility by 
annealing an amorphous film at low temperature. 
[Problem to be solved by the Invention] 

A laser anneal method is used as a local anneal method with low temperature for an 
amorphous film to form a thin-film semiconductor device. 

Conventionally, three methods are described as follows, as this type of technique. 
A method for irradiating an amorphous film (a-Si:H), deposited by a plasma CVD method, with a 
CW Ar+ laser. (For example, Japanese Patent Laid-Open S58-114435, Japanese Patent Laid-Open 
S63-200572) 

The method for irradiating the amorphous film as described above with a pulsed excimer laser. 
(For example, Japanese Patent Laid-Open S63-25913) 

The method for irradiating the amorphous film (a-Si), deposited by a sputtering method with the 
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CW Ar+ laser, (for example, Japanese Journal of the Applied Physics Vol. 28, No. 11, 
L1871-L1873, 1989) (Jpn. J. Appl. Phys. Vol. 28, No. 11, November, 1989 pp. L1871-L1873) 
[Problem to be solved by the Invention] 

The related art described above lacks consideration in the following points. 

Irradiation with the CW Ar+ laser is required to use high energy for high-quality 
conversion and throughput thereof is low. A glass substrate which is low in cost and in strain point 
is easily broken. 

Peeling between a substrate and films and irregularities on a surface of a thin-film occur by 
the pulsed excimer laser irradiation. 

It is an object of the present invention to provide a method for manufacturing a 
high-quality film in low-temperature step with excellent throughput, with neither peeling nor 
surface irregularity and with favorable reproducibility and uniformity. 
[Means for Solving the Problem] 

To achieve the object, the present invention is characterized in that a thin-film 
semiconductor layer is formed and preheated by irradiation with a continuous-wave laser beam and 
then irradiated with the pulsed laser beam so as to obtain the semiconductor film without being 
peeled and the substrate without being affected. 

Additionally the present invention enables the thin-film semiconductor layer to crystallize 

locally. 
[Operation] 

The present invention operates as following. 

When an amorphous semiconductor thin-film deposited on a substrate is crystallized by 
laser irradiation, peeling the semiconductor thin-film and surface irregularity generate by irradiation 
with a strong enough laser beam to crystallize the film. Therefore, at first a continuous-wave 
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(CW) laser beam is applied in order to prevent the peeling and the like. The thin-film on the 
substrate can be crystallized favorably by heating the thin-film by the CW laser irradiation with 
appropriate temperature-rising speed and reaching-temperature. Hydrogen or fluorine can be 
evaporated and dispersed by the irradiation with the CW laser beam in the case of an amorphous 
silicon hydride film or an amorphous silicon fluorosis film including hydrogen or fluorine, therefore 
an irregularity on the film by bumping of hydrogen or fluorine in an irradiation with a high intensity 
pulsed laser can be prevented. 

Furthermore, it is possible to crystallize locally a desired region without affecting on a 
region excluding the desired portion, because locally heating is possible by using a laser beam in a 
laser-like. 

Next, an irradiation with a large energy laser beam is required for crystallizing the 
amorphous semiconductor thin-film. An irradiation with a high energy beam have no affect on a 
substrate or a base film by using the pulsed laser. Therefore, the present invention can be applied 
to the manufacturing for a three dimension device. Throughput at using the pulsed laser is 
generally better than that at using the CW laser. 
[Embodiment] 

An embodiment applying a method for manufacturing a high-quality thin-film poly-crystal 
according to the present invention is described with drawings. 

At first, in Fig. 1 (a) an amorphous silicon hydride (a-Si:H) film 11 is deposited on a glass 
substrate 10 of 100 mm 2 under a film formation condition of an deposition temperature of 300*0, 
RF power of 60W, pressure of 0.6 Torr, and a gas flow rate of H 2 :SiH4 = 200:70 seem by the plasma 
CVD method. After that, as shown in Fig. 1(b), a CW Ar+ laser L A is applied under a condition of 
output of 5.0W, beam diameter of 1mm <f> and scanning speed of 1.0 mm/sec. The a-Si:H film 11 
is heated by the step and the upper layer part of the thin-film is changed into a microcrystalline 
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silicon (hereafter U c-Si) film 12 in its quality. Energy density of the CW Ar+ laser L A does not 
need such high energy as to crystallize the whole a-Si:H film 11. After that as shown Fig. 1(c), 
when a XeCl excimer laser L x (wave-length of 308nm, pulse width of 28ns) of 240mJ/cm 2 is 
applied, the whole U c-Si film 12 is melted and solidified, and then changed into a polycrystalline 
silicon (hereinafter poly-Si) film 13 in its quality. Fig. 2 shows X-ray diffracted intensity of the 
poly-Si 13 obtained by the above-described step in two cases where each film thickness is 800 A 
and 2000 A. The result means the a-Si:H film is changed into a good crystalline poly-Si film in 
its quality by irradiation with the XeCl excimer laser equal to or more than 240mJ/cm 2 . It is found 
that surface is smooth and has neither salient nor void in an observation with a scanning 
microscope. 

A thin-film poly-crystal having a favorable film-quality without irregularity and the like is 
manufactured by the above-described step. 

Fig. 3 (a) shows an example of a manufacturing apparatus for implementing the present 
invention. An optical system is formed so as to make a beam of the CW Ar+ laser L A to be 
rectangular by using a cylindrical lens or so as to lay beams of the CW Ar+ laser in a straight line. 
At this time, as Fig. 3(b) shown, the width d a of the CW Ar+ laser L A is required to be d a ^ del 
when a beam shape of the XeCl excimer laser Lx is d e i x d c2 (the width in the direction parallel to d a 
is dd). And a scanning method by which a stage setting a sample and a laser beam is relatively 
moved is used. A high-quality polycrystalline film with excellent throughput can be manufactured 
by using the above-described manufacturing device. 

An embodiment applying the present invention to a thin-film transistor (hereinafter TFT) is 
described below with drawings. A Cr film of 1200 A is deposited as a gate electrode on the 
glass substrate 10 of 100mm 2 at an deposition temperature of lOOt^ and Ar pressure of 1 mTorr by 
the sputtering method and patterned by a photo-etching step. After that, by the plasma CVD 
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method, SiNx film of 3500 A is deposited as a gate insulating film under a film formation 
condition of the accumulation temperature of 325^, RF power of 175W, a pressure of 0.6 Torr and 
a gas flow-rate of SiH4:NH 3 :N 2 =10:60:200 seem and subsequently the a-Si:H film 11 of 2000 
A, which becomes a channel layer, is deposited under film formation condition of the accumulation 
temperature of 300*0, RF power of 60W, a pressure of 0.6 Torr and a gas flow-rate of 
H2*.SiH4=200:70 seem. And here the method for manufacturing a thin-film poly-crystal of the 
present invention is applied. The CW Ar+ laser L A of output 5.0 W, beam diameter 1.0 mm, and 
scanning speed 10.0 mm/sec is applied and then the XeCl excimer laser Lx (a wavelength of 308 
nm, a pulse width of 28 ns, a beam profile of 8.5 mm 2 ) is applied to crystallize the a-Si:H film. 
The poly-Si film 13 formed by the above-described step (Fig. 5) is homogeneous, and has a superior 
crystalinity and an electrical characteristic thereof is superior. 

Next, n+-Si film including phosphorus of 350 A is deposited under a film formation 
condition of an deposition temperature of 230*0, RF power of 60 W, a pressure of 0.6 Torr, and a 
gas flow rate of H 2 :SiH4:PH 3 =120:48:120sccm, by the plasma CVD method, and a photo-etching 
step is performed, thereafter a Cr electrode of 600A is formed on the same condition as that of a 
gate electrode, and an Al electrode of 3700 A is deposited by the sputtering method. Additionally, 
a source and a drain are formed by a photo-etching step, and the TFT is completed as shown in Fig. 
6. An electrical characteristic of the TFT formed as described above is superior, and that an 
effective mobility tt eff is 50cm 2 / Vs and a threshold voltage Vjh is 5 V or less. 

Further, an embodiment regarding a liquid crystal display is described hereinafter. 

In the liquid crystal display, forming both a driving circuit and a pixel on the same 
substrate is advantageous for the cost and the like. However a mobility of an a-Si TFT is small 
(about 0.3cm 2 /Vs), therefore forming a driving circuit of the liquid crystal display is difficult. 
However when only a part incorporating the driving circuit is laser-annealed and the TFT is formed, 
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thus the circuit can be incorporated. 

Fig. 7 is a fragmentary plan view of a liquid crystal display. A poly-Si TFT with a high 
mobility can be formed without affecting on a pixel portion 101 and a driving circuit can be 
incorporated on the periphery of a substrate by applying a crystallization method of the present 
invention to only a region 102 shown in the figure. 

In this embodiment of the present invention, an Ar+ laser is used as the CW laser and the 
XeCl excimer laser is used as the high-intensity pulsed laser, however another laser with a 
wavelength matching with an absorption coefficient of a Si film, such as a Nd-YAG laser and a 
Nd-glass laser as a continuous-wave laser, and a ruby laser and a copper vapor laser as the 
high-intensity pulsed laser, can be used. 
[Effect of the Invention] 

The structure of the present invention is described above and therefore brings about an 
effect as described below. 

A high-quality polycrystalline film can be formed with a low temperature step, by 
sequentially applying the CW laser and the pulsed laser to an amorphous semiconductor film 
deposited on a substrate. And locally crystallization can be realized by using a laser beam. This 
can be applied to manufacturing for an active matrix substrate of a Si thin-film transistor 
incorporating a peripheral driving circuit for a liquid crystal display. 
[Brief Description of the Drawings] 

Fig. 1 is a section view showing a step manufacturing for a polycrystalline silicon film of 
the embodiments in the present invention. Fig. 2 is a diagram showing a relationship between 
energy of the pulsed laser and X-ray diffracted intensity. Fig. 3 is a diagrammatic view of a 
manufacturing equipment in the present invention. Fig. 4, Fig. 5 and Fig. 6 are sectional views 
showing a step manufacturing for the TFT, applying the present invention. Fig. 7 is a fragmentary 
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plan view showing a substrate of a liquid crystal display incorporating a peripheral driving circuit 

manufactured by way of trial in the present invention. 

10... glass substrate 

11... amorphous silicon hydride film 

12...microcrystalline silicon film 

13...polycrystalline silicon film 

La-., continuous-wave Ar+ laser 

Lx. . .pulsed XeCl excimer laser 

R. . .cylindrical lens 

101... pixel portion of display 

102... circuit portion of display 
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